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CIREN CohortCIREN Cohort

Femur - 2(2) Tib/Fib - 3(2) Foot - 3(3)

Chest/Abd - 6(4)
Upper Ext - 1(1)

Pelvis - 7(5)
Lower Ext - 8(5)

7 Men

Femur - 1(1) Tib/Fib - 6(4) Foot - 1(1)

Chest/Abd - 9(3)
Upper Ext - 1(1)

Pelvis - 1(1)
Lower Ext - 8(5)

7 Women

14 Drivers involved in
Offset MVCs
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Crash CharacteristicsCrash Characteristics
Male PatientsMale Patients
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Crash CharacteristicsCrash Characteristics
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•• V1 1995 ChevroletV1 1995 Chevrolet
Monte Carlo    Monte Carlo    

•• V2 1998 CadillacV2 1998 Cadillac DeVilleDeVille
•• V3 1995 Eagle SummitV3 1995 Eagle Summit
•• 7272 kmphkmph / 45 mph/ 45 mph
•• Lap & Shoulder BeltLap & Shoulder Belt
•• Airbag DeployedAirbag Deployed



PDOF = PDOF = --3030°° CDC = 11FYEW2CDC = 11FYEW2 ∆∆V = 19 V = 19 kmphkmph / 12 mph/ 12 mph

VOL = 36% LeftVOL = 36% Left Curb weight = 1500 kg / 3307 lbCurb weight = 1500 kg / 3307 lb



Toepan Toepan intrusion = intrusion = 
5 cm / 2 in 5 cm / 2 in 

LongitudinalLongitudinal







Right Tibia/Fibula Fracture



OpenOpen Right Tibia/Fibula FractureRight Tibia/Fibula Fracture



Crash CharacteristicsCrash Characteristics
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•• 1997 Pontiac Grand Am1997 Pontiac Grand Am
•• Struck a ditch / culvertStruck a ditch / culvert
•• 64 64 kmphkmph / 40 mph/ 40 mph
•• Lap & Shoulder BeltLap & Shoulder Belt
•• Airbag deployedAirbag deployed



PDOF = 0PDOF = 0°° CDC = 12FYEW2CDC = 12FYEW2 ∆∆V = 29 V = 29 kmph kmph / 18 mph/ 18 mph

VOL = 47% LeftVOL = 47% Left Curb weight = 1413 kg / 3115 lbCurb weight = 1413 kg / 3115 lb



No IntrusionNo Intrusion







Right Tibia/Fibula Fracture



Right Tibia/Fibula FractureRight Tibia/Fibula Fracture



Overall Comparison ofOverall Comparison of
Offset Frontal Collisions with Offset Frontal Collisions with TibTib/Fib /Fib 
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Gender Differences in the Gender Differences in the 
Incidence of TibiaIncidence of Tibia--Fibula Fibula 

Fractures in Offset Frontal Fractures in Offset Frontal 
CollisionsCollisions

Center for Injury SciencesCenter for Injury Sciences
University of Alabama at BirminghamUniversity of Alabama at Birmingham



HypothesesHypotheses

Females have higher rates of tibiaFemales have higher rates of tibia--fibula fibula 
fractures in offset frontal collisions.fractures in offset frontal collisions.

This association can be explained by driver This association can be explained by driver 
height and/or seating position.height and/or seating position.



Methods Methods –– Data SourceData Source

National Automotive Sampling System National Automotive Sampling System 
(NASS) data, 1995(NASS) data, 1995--19991999



Methods Methods –– Study PopulationStudy Population
•• Selected cases wherein initial event was frontal Selected cases wherein initial event was frontal 

collision (o’clock direction of force) and collision (o’clock direction of force) and 
partial/complete inspection of vehiclespartial/complete inspection of vehicles



Methods Methods –– Study PopulationStudy Population
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Methods Methods –– Study PopulationStudy Population
•• Selected cases wherein initial event was frontal Selected cases wherein initial event was frontal 

collision (o’clock direction of force)collision (o’clock direction of force) and and 
partial/complete inspection of vehiclespartial/complete inspection of vehicles

•• Within each case, vehicles were classified as Within each case, vehicles were classified as 
full frontal, left offset frontal, right offset full frontal, left offset frontal, right offset 
frontal using Specific Horizontal Location frontal using Specific Horizontal Location 
informationinformation



Methods Methods –– Study PopulationStudy Population

Full FrontalFull Frontal Right OffsetRight OffsetLeft OffsetLeft Offset



Methods Methods –– Study PopulationStudy Population

Full FrontalFull Frontal Right OffsetRight OffsetLeft OffsetLeft Offset



Methods Methods –– Study PopulationStudy Population
•• Selected cases wherein initial event was frontal Selected cases wherein initial event was frontal 

collision (o’clock direction of force)collision (o’clock direction of force) and and 
partial/complete inspection of vehiclespartial/complete inspection of vehicles

•• Within each case, vehicles were classified as full Within each case, vehicles were classified as full 
frontal, left offset frontal, right offset frontal using frontal, left offset frontal, right offset frontal using 
Specific Horizontal Location informationSpecific Horizontal Location information

•• Only drivers were included in the present analysisOnly drivers were included in the present analysis



Methods Methods -- DefinitionsDefinitions

•• Tibia FractureTibia Fracture
–– AIS 90 codes AIS 90 codes 853404.2 853404.2 –– 853422.3853422.3

•• Fibula FractureFibula Fracture
–– AIS 90 codes AIS 90 codes 851605.2 851605.2 –– 851612.2851612.2

Primary Outcome of InterestPrimary Outcome of Interest
Tibia/Fibula (TF) FractureTibia/Fibula (TF) Fracture



Methods Methods -- DefinitionsDefinitions

•• Occupant CharacteristicsOccupant Characteristics
–– Age, gender, height, restraint use, seating positionAge, gender, height, restraint use, seating position

•• Vehicle CharacteristicsVehicle Characteristics
–– Weight, intrusionWeight, intrusion

•• Collision CharacteristicsCollision Characteristics
–– Change in velocityChange in velocity

Selected Measures of InterestSelected Measures of Interest



Methods Methods -- AnalysisAnalysis
Analyses conducted using weighted dataAnalyses conducted using weighted data

•• Calculate and compare TF fracture rates Calculate and compare TF fracture rates 
among males and females in offset collisionsamong males and females in offset collisions

•• Stratify genderStratify gender--specific TF rates by occupant, specific TF rates by occupant, 
vehicle, and collisions characteristicsvehicle, and collisions characteristics

•• Odds ratios (Odds ratios (ORsORs) and 95% confidence ) and 95% confidence 
intervals (intervals (CIsCIs) calculated using SUDAAN to ) calculated using SUDAAN to 
account for multistage sampling in NASSaccount for multistage sampling in NASS
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ResultsResults
Final Study Population Following ExclusionsFinal Study Population Following Exclusions



0.800.802.052.052.552.55TibTib./Fib. Fracture./Fib. Fracture
1.101.101.471.471.331.33Femur FractureFemur Fracture
1.051.050.960.960.920.92Pelvic FracturePelvic Fracture

Rate per 100 OccupantsRate per 100 Occupants

Odds RatioOdds RatioMaleMaleFemaleFemale

ResultsResults
Lower Extremity Injury Rates Lower Extremity Injury Rates 

ALL Frontal CollisionsALL Frontal Collisions



ResultsResults
Gender Odds Ratios Gender Odds Ratios 
Males vs. FemalesMales vs. Females
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Males vs. FemalesMales vs. Females
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Rate per 100 OccupantsRate per 100 Occupants

1.261.26

0.250.251.251.254.884.886060--6969
1.641.644.154.152.572.57≥≥7070
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Odds RatioOdds RatioMaleMaleFemaleFemaleAgeAge

ResultsResults
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1.191.191.071.070.900.90LargeLarge
0.370.371.771.774.694.69MidMid--SizeSize
0.750.751.981.982.622.62SmallSmall
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ResultsResults
TibTib./Fib. Fracture Rates ./Fib. Fracture Rates 
Offset Frontal CollisionsOffset Frontal Collisions



0.490.490.760.761.541.54RestrainedRestrained
0.490.492.442.444.864.86UnrestrainedUnrestrained
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ResultsResults
TibTib./Fib. Fracture Rates ./Fib. Fracture Rates 
Offset Frontal CollisionsOffset Frontal Collisions



0.120.120.670.675.435.43UnknownUnknown
0.710.711.671.672.322.32Height Height ≥≥ 55’’55””
0.480.480.890.891.861.86Height < 5’5”Height < 5’5”

Rate per 100 OccupantsRate per 100 Occupants

Odds RatioOdds RatioMaleMaleFemaleFemale

ResultsResults
TibTib./Fib. Fracture Rates ./Fib. Fracture Rates 
Offset Frontal CollisionsOffset Frontal Collisions



0.650.651.541.542.352.35Seat Middle/BackSeat Middle/Back
0.220.220.590.592.632.63Seat ForwardSeat Forward

Rate per 100 OccupantsRate per 100 Occupants

Odds RatioOdds RatioMaleMaleFemaleFemale

ResultsResults
TibTib./Fib. Fracture Rates ./Fib. Fracture Rates 
Offset Frontal CollisionsOffset Frontal Collisions



0.570.5710.3410.3416.8216.82Frontal Frontal ≥≥8 cm.8 cm.
0.260.260.380.381.481.48Frontal Frontal <<8 cm.8 cm.
0.530.537.167.1612.6712.67Lateral Lateral ≥≥8 cm.8 cm.
0.560.561.271.272.262.26Lateral <8 cm.Lateral <8 cm.

Rate per 100 OccupantsRate per 100 OccupantsIntrusion*Intrusion*
Odds RatioOdds RatioMaleMaleFemaleFemale

ResultsResults
TibTib./Fib. Fracture Rates ./Fib. Fracture Rates 
Offset Frontal CollisionsOffset Frontal Collisions

*  Driver’s seating position.*  Driver’s seating position.



PercentPercent

76.076.043.743.7Frontal Frontal ≥≥8 cm.8 cm.
24.024.056.356.3Frontal Frontal <<8 cm.8 cm.
13.713.79.49.4Lateral Lateral ≥≥8 cm.8 cm.
86.386.390.690.6Lateral <8 cm.Lateral <8 cm.

PercentPercentIntrusion*Intrusion*
MaleMaleFemaleFemale

ResultsResults
Intrusion CharacteristicsIntrusion Characteristics

Among Occupants with Among Occupants with TibTib./Fib. Fractures ./Fib. Fractures 

*  Driver’s seating position.*  Driver’s seating position.



Right Offset Right Offset Left Offset Left Offset 
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21.3  21.3  LeftLeft

ResultsResults
Aspect of Aspect of TibTib./Fib. Fractures./Fib. Fractures



PercentPercent

19.3 19.3 35.9 35.9 PedalsPedals
41.941.943.643.6Floor/Toe PanFloor/Toe Pan
35.2 35.2 16.3  16.3  Instrument PanelInstrument Panel
10.8  10.8  5.35.3Knee BolsterKnee Bolster

PercentPercentInjury SourceInjury Source
MaleMaleFemaleFemale

ResultsResults
Impact CharacteristicsImpact Characteristics

Among Occupants with Among Occupants with TibTib./Fib. Fractures ./Fib. Fractures 



SummarySummary

•• Females drivers have higher rates of Females drivers have higher rates of tibtib./fib. ./fib. 
fracture in offset frontal collisionsfracture in offset frontal collisions

•• Observed higher rates not explained by Observed higher rates not explained by 
occupant, vehicle, collision characteristicsoccupant, vehicle, collision characteristics

•• TibTib./fib. fractures in females occur at lower a ./fib. fractures in females occur at lower a 
deltadelta--V and are more associated with pedal V and are more associated with pedal 
contactscontacts



Literature SurveyLiterature Survey

Surveyed publications from the past ten years Surveyed publications from the past ten years 
related to improving safety standards and test related to improving safety standards and test 
procedures for offset crashes as well as literature procedures for offset crashes as well as literature 
on lower extremity injuries in frontal crasheson lower extremity injuries in frontal crashes

ObjectiveObjective: Understand outstanding issues and : Understand outstanding issues and 
compare our results to related research of otherscompare our results to related research of others



Notable FindingsNotable Findings

•• Importance of the issue is clearly agreed upon:Importance of the issue is clearly agreed upon:

•• Lower limb injuries are second only to head Lower limb injuries are second only to head 
injuries in frequency among motor vehicle injuries in frequency among motor vehicle 
occupantsoccupants

•• Lower limb injuries are a frequent cause of Lower limb injuries are a frequent cause of 
permanent disability and impairment; costs permanent disability and impairment; costs 
to society are exorbitantto society are exorbitant



Notable FindingsNotable Findings
•• Load transfer mechanism of belowLoad transfer mechanism of below--knee injuries knee injuries 

from frontal crashes are not well understoodfrom frontal crashes are not well understood

•• Intrusion vs. decelerationIntrusion vs. deceleration

•• Effect of body rotation on belowEffect of body rotation on below--knee injuries knee injuries 

•• Role of contact with pedalsRole of contact with pedals

•• Effectiveness of restraintsEffectiveness of restraints

•• Possible injury mechanisms have been described Possible injury mechanisms have been described 
and compared to laboratory tests and computer and compared to laboratory tests and computer 
modelingmodeling



•• Case studies indicate that there must be a lateral Case studies indicate that there must be a lateral 
load component contributing to load component contributing to malleolarmalleolar
fractures fractures 

•• Intrusion and lower extremity injuries increase Intrusion and lower extremity injuries increase 
as overlap decreasesas overlap decreases

•• ToepanToepan intrusion is not a prerequisite for intrusion is not a prerequisite for tibtib./fib. ./fib. 
injuryinjury

Notable FindingsNotable Findings



•• BelowBelow--knee injuries are occurring at deltaknee injuries are occurring at delta--Vs Vs 
less than 30 mph (48 less than 30 mph (48 kmphkmph))

•• Higher injury rate to driver’s right lower Higher injury rate to driver’s right lower 
extremities in offset crashesextremities in offset crashes

•• Other contributing factors postulated:  leg Other contributing factors postulated:  leg 
position, foot size, contribution of knee position, foot size, contribution of knee 
contacts, muscle tension, maximum angle of contacts, muscle tension, maximum angle of 
ankle motion ankle motion 

Notable FindingsNotable Findings



•• Other researchers have pointed out apparent Other researchers have pointed out apparent 
gender differences  gender differences  ---- however, exact reasons however, exact reasons 
have not been discernedhave not been discerned

•• Size?  Seat Position? Other physiological?  Size?  Seat Position? Other physiological?  
Behavioral?  External conditions such as Behavioral?  External conditions such as 
footwear? Car attributes?footwear? Car attributes?

•• Frontal offset crash tests indicate that lower limb Frontal offset crash tests indicate that lower limb 
forces are higher using the 5forces are higher using the 5thth percentile female percentile female 
dummy than the 50dummy than the 50thth percentile malepercentile male

Notable FindingsNotable Findings


